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The Effects of Steel Profile and Cleanliness
on Coating Performance

ABSTRACT A 5-year study was conducted in cooperation with the Steel Structures
Painting Council to determine surface profile and cleanliness requirements for long-
term performance of generic coating systems currently used on Navy shore facilities.
Replicate sets of the different variations were exposed in a salt fog chamber and at
test exposure sites in a tropical marine atmospheric environment, in an industrial
environment, and in a mild marine atmospheric environment. After 15 months of
exposure at Kwajalein, little change had occurred in the overall bonding strengths

of the test panels; however, in the next 42 months, a significant overall loss in bond-
ing strength occurred. Significantly different variations occurred between the different
coating systems, and the range of values was greatly reduced. Salt fog exposure had a
much greater effect on loss of adhesion than did natural exposure for 57 months for
the periods measured. Levels of statistical significance for performance at Kwajalein
varied greatly with time and were much greater on scribed than unscribed specimens.
Coating systera was the most significant variable, followed by abrasive and profile
height, and lastly by level of cleaning. Thus, profile was more important than cleanli-

ness in ficld performance as well as in the laboratory salt fog testing and the adhesion
study.
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INTRODUCTION

Inadequate surface preparation is probably the most frequently
reported cause of early paint failure ou steel surfaces. Because of
numerous early failures at Navy field activities, the Naval Civil
Engineering Laboratory (NCEL) prepared a techdata sheet (Ref 1) on this
subject to reduce the number of these failures. The present work was
directed at developing necessary surface preparation criteria that would
further insure the successful performance of coatings on steel surfaces.
This report describes the results of this extensive 5-year study.

BACKGROUND

Abrasive blasting of steel is generally the preferred method of
preparing steel surfaces for painting. It not only is very effective in
removing most contaminants (grease and oil usually require solvent
degreasing for complete removal), but it also provides a textured
surface (profile) for tight bonding of paint. Incomplete removal of
such surface contaminants as grease, oil, dirt, and mildew ususlly
results in pocr paint adhesion and early peeling problems; incomplete
salt removal usuzlly accelerates osmotic blistering. Too great a
surface profile will result in inadequate covering of peaks and will
result in early pinpoint rusting, while too low a profile may not permit
adequate bonding.

Different generic types of paint (paints are classified according
to the generic type of their binders) require different levels of
cleanliress and profile. Thus, it is rather well-accepted that drying
oil paints, such as alkyds, are relatively tolerant of incompletely
prepared surfaces, and inorganic zinc paints require a very high level
of cleanliness. The preferred steel surface profile may be related to
the thickness of the primer being applied, the total surface area, or
the general profile shape. A profile height half the dry film thickness
of the primer but never more than 2-1/2 mils ir freq ly rec ded
Thus, a 2-1/2-wil profile height would be appropriate rather than 5 mils
when a thick 10-mil coat of primer is to be appliea. Coating thickness
is related to formulation and generic type. The desired blast profile
height is usually achieved by selecting a particular abrasive and the
dwell time.

Abrasives of sand, shot, and grit are used in blast cleaping steel
prior to painting. Each specific abrasive provides a different profile
height as well as shape. Softer abrasives break down more during
blasting than harder abrasives to leave greater amounts of residue cn
the cleaned surface; all residues require removal by blowing air,
beushing, or vacuuming before painting the surface. The size and shape
of the abrasive particles greatly affect the surface texture. Thus,
relatively large and rounded shot provides a flat, shallow profile,
while angular grit provides a more jagged profile.

1
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From the above discussion, it is apparent that many factors are
important in both defining criteria for the necessary surface preparation
of steel for lasting coating performance and in achieving these conditions.
This investigation was conducted to develop some of these criteria.
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The test design of this investigation was an analysis of tLhose
variants in surface preparation that were considered to be important in
achieving good adhesion of a primer to steel and good protection of the N
metal by the total coating system. Such a design would be effective in
detecting interactions of variants, as were expected to occur. Struc-
tural steel panels, 1/4- by 4- by 12-inch, were blasted with abrasives
(hereinafter referred to as "abrasive blasted”) to a white metal finisk
(Steel Structures Painting Council (SSPC) SP 5) using conventional
blasting equipment. Eight different abrasives were used. The profile
heights that resulted are as follows:
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Abrasive Profile Height

Steelgrit G-14 Very high

Steelgrit G-40 Medium

Polygrit 40 Medium

Polygrit 80 Low

Black Beauty 400 Medium

Black Beauty 4016 High

Flint Shot Low

Steel Shot 5280 Medium
In addition, two of these atrasives (Black Beauty 4016 and Polygrit 40)
were used to clean panel surfaces to a commercial finish (SSPC-SP 6) to

give a total of 10 surface v=ciations.
Six co-ting systems vere chosen for the investigation:

System System
Number D=.ceiption
1 Alkyd Svstem: Two coats o. TT-0-36 Type 111 primer and one

fiaish coat of SSPC-Pain. 04,
2 Acrylic Latex System: Three cuats of SSPS-Paint XWB1X.

3 Vinyl System: One coat of SSPC~PT 3 Wash Primer, two coats 4
of MIL-P-15929, and one coat of SSPC-Paint Y.

4 Epoxy: One coat of SSPC-Paint X.P1X, one coat of SSPC-Paint
XEP2X, and one coat of SSPC-Paint XEP3X.

5 Coat Tar Epoxy: Two coits of SSPC-Paint 16.

6 Inorganic Zinc/Vinyl (Zinc-Rich): One coat of SSPC-Paint
X21X, one coat of SSPC-PT 3 Tie Coat, and oae coat of
SSFC-Paint 9.

2
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These systems were chosen because the, :sent. different generic types
that are widely used in the Naval Shore slishment. 1t was not
intended that conclu-ions be made about the .elative performances of
each of these coatings except as they were related to the surface
preparation variables. Each coating system was spray applied to each of
the 10 surface variations. Thus, each complete set of test panels
totaled 60. Average dry film thicknesses of the coating systems on the
test panels are listed in Table 1. Two 2-inch-long cuts were made in
the form of an "X" in the lower one-third of each coated panel. This
exposed the steel substrate sc that such effects as undercutting at
breaks in the coating film could be measured.

The preparation of the test specimens (surface preparation and
coating application) was contracted to SSPC. SSPC became enthused over
the possibilities of obtaining additional important information by
expansion of the program. Thus, in addition to preparing specimens for
the NCEL adhesion testing and performance study at Kwajalein Atoll in
the Marshall Islands (the NZEL test site for rapid natural acceleration),
SSPC prepared for itself additiopal sets of panels for studies of the
uncoated surfaces, laboratory salt fog exposure, and field exposures in
an industrial site at Pittsburgh, Pa., and a milder marine exposure at
Kure Beach, N.C. (Ref 2). If a coating provides 5 years of protection
at Kwajalein, it can be expected to perform well in all environments.
Because the rates of coating failure at Kwajalein were much faster than
at the two locations, only the results from Kwajalein were available for
use in this report. This completes the NCEL portion of the work; SSPC
will report their portion of the work uvpon its completion,

EXPERIMENTAL PROCEDURES

The bonding strengths of the 6 coating systems to the 10 different
steel surfaces were determined on unexposed panels, panels exposed for
8,336 hours in a salt fog environment (SSPC used procedure 6061 of
Federal Test Method Standard No. 141), and two specimens after 15 and
57 months of exposure at Kwajalein. In the procedure for determining
bonding strength, steel probes were bonded to the finish coats with an
epoxy adhesive (Hysol EA9309). The circular probe ends, 1 cm? in area,
were abrasive blasted to a white metal finish before bonding. After
3 days curing, the probes were pulled in tension at a rate of 0.5 cm/min
in a table model Instron testing machine until failure occurred. The
coating surroundirg the bonded probes was routinely cut to tho bhare
metal before testing, even though preliminary experiment:z:ion showed
that this had little effect on the measurements. Both the magnitude and
the type of failure were recorded. Breaking strengths were recorded to
the nearest 0.5 kg/cm?. Performonce at Kwajalein was rated using the
American Society for Testing and Materials (ASTM) rating systems found in
the Annual Book of ASTM Standards. A weighted rating was used to rate
"general protection." 1In all cases, a general protection rating of 10
indicates no degradation, and a rating of 7 indicates failure. No
panels were examined further after receiving a rating of 7.




DISCUSSION OF EXPERIMENTAL RESULTS

In this section, adhesion and performance data after natural
exposure are presented. A summary of previousiy reported data on
initial adhesion and accelerated salt fog testing are added in appro-
priate locations to give a total picture of the work undertaken and to
permit additional comparisons.

Adhesion Tests

The changes that occurred in bonding strengths at various time
intervals are shown iu Table 2 for each of the six coating systems.
Before any exposure, the bonding strengths varied from 22 to 180 kg/cm?.
After 15 months of tropical exposure at Kwajalein, two very significant
changes had occurred. The bonding strengths of the coal tar epoxy
specimens had greatly decreased, and the bonding strengths of the
acrylic latex specimens had greatly increased. The latter was probably
from loss of surfactant. The bonding strength of the zinc-rich system
had also increased very slightly. After 57 months, all bonding
strengths had dropped from the 15-month ratings except for the zinc-rich
specimens, which had further increased slightly. The bonding strength
of the acrylic system had dropped only slightly and was now the greatest
of all the coating systems. The average of the bonding strengths after
8,383 hours of laboratory salt fcg exposure was lower than the average
of the bonding strengths after 57 months of tropical exposure.

In Table 3, the average bonding strengths measured after various
time intervals are tabulated for each abrasive used. The range was much
less than that for the individual coating systems in Table 2. The
combined average had not changed 2fter 15 months but dropped from 93 to
55 kg/cm? after 57 months. As expected, there was a great variation in
the extent to which the bonding strengths associated with the different
abrasives varied with time, and only very slight increases were noted in
the bonding strengths after 15 months and none after 57 months of
natural exposure. Again, the average bonding strengths after 8,336 hours
of laboratory salt fog exposure were lower than those from specimens
after 57 months of tropical exposure.

When the average bonding strengths associated with different
profile heights were tabulated, small ranges like those withk the
abrasive were obtained. This was true to even a greater extent when
level of cleaning was considered.

In an earlier report of initial adhesion studies (Ref 2), the
following significant variables were found to be related to initial
adhesion:

Variable Level of Significance

Coating Type 0.999
Abrasive 0.999
Coating Type-Abrasive Interaction 0.999
Profile Height 0.999
Coating Type-Profile Height Interaction 0.999
Cleaning Level 0.90

Coating Type-Cleaning Level Interaction 0.90




These data can be summarized as follows:

1. Initial adhesion was quite different with different coating
systems.

2. Initial adhesion was quite different with different abrasives.

3. Some coating systems had much better initial adhesion with one
or more specific zbrasives than with others.

4. 1Initial coating adhesion was quite differeat with different
profile heights.

5. Some coating systems had better initial adhesion with one or
more profile heights than with others.

6. Initial adhesion was slightly better on steel blasted to a
white metal finish than to a commercial finish.

7. The greater cleanliness level {white metal finish) was more
important to some coating systems than to others in promoting
adhesion.

Exposure Tests

There are many ways to statistically analyze the performance data
received. An attempt was made to find and present the most meaningful
conclusions in a simple but adequate manner. Because there were very
significant rating differences between scribed and unscribed areas,
these areas were rated and statistically analyzed separately. Also, all
the analyses presented here are for general protection, rather than some
of the individual items that comprise that rating, since these data are
believed to provide the most meaningful conclusions. Other data are
currently being analyzed in a study of the mechanisms of coating
deterioration.

Analysis of Coating Systems, Abrasives, and Their Interaction.
Tables 4 and 5 show the levels of significance of coating systems,
abrasives, and their interaction over the S4-month rating period for
scribed and unscribed areas, respectively. It can be seen from these
and later tables that the levels of significance varied greatly over the
54 months. Also, levels of significance are much greater for the
scribed than the unscribed areas. Thus, in the scribed areas, the three
variables have a high level of significance, while in the unscribed
areas, only the coating system has a consistently high level of
significance. To put it more directly, there were greater variations in
performance in the scribed than the unscribed areas. Although it was
not intended that conclusions should be made about the overall perfor-
mance of one generic type of coating as compared to another, susmaries
of their performances on scribed and unscribed panels are presented inp
Tables 6 and 7, respectively, to show rates of deterioration, differences
in performance in scribed and unscribed areas, and changes in the order




of ranking over the rating period. While the epoxy system always ranked
first or second in both scribed and unscribed areas, the zinc-rich
system performed well only in the scribed areas. This is consistent
with the ability of the zinc-rich primer to provide cathodic protection
to the underlying steel only at areas where the barrier topcoat has been
damaged. It should be noted that the zinc-rich system was different
from the others in that it performed better in the scribed areas than
unscribed areas after 18 months of exposure. It can also be seen that
the acrylic latex and vinyl systems generallyv ranked two positions
higher in the unscribed than the scribed areas. This is, of course,
partly due to the lower ranking of the zinc-rich system in the unscribed
areas. A summary of the ratings on scribed panels in relation to the
abrasive used is shown in Table 8. It can be seen from this table, as
well as the lower levels of significance in Table 4, that rating
variations between different abrasives were relatively small.

The following observations were made from the general protection
data in the scribed areas concerning the interaction of the coating
systems and the abrasives:

1. The zinc-rich system had the highest ratings of all the systems
except when Polygrit 80 was used as the abrasive.

2. The alkyd system rated the lowest with all abrasives.

3. The acrylic latex system rated especially low when Black
Beauty 400 was the abrasive.

4. The epoxy system rated above average with all abrasives except
Steelgrit G-40 and Steel Shot.

S. The vinyl system rated above average when Steelgrit G-14,
Polygrit 80, and Black Beauty 4016 were the abrasives.

6. Black Beauty 4016 rated very high with the epoxy, vinyl, and
zinc-rich systems.

7. Steelgrit G-40 rated very low with all except the zZinc-rich
system.

The following observations were made from the general protection
data in the unscribed areas concerning the interaction of the coating
systems a2nd the abrasives:

1. The epoxy and the vinyl systems rated highest and the alkyd
system lowest when all abrasives were considered.

2. The zinc-rich system rated very low with all abrasives except
Black Beauty 400 and Black Beauty 4016.

3. The coal tar epoxy system rated very high when Polygrit 80 and
Polygrit 40 were the abrasives.




4. The acrylic latex system rated high only when Steel Shot was
the abrasive and rated especially low when Black Beauty 400 was
the abrasive. The Steel Shot may have provided a very favorable
profile shape.

5. Steelgrit G-14 and Flint Shot rated the nighest of all the
abrasives when all coating systems were considered.

Obviously, the effect ¢f the variable abrasive may be related to
contamination of the surface with abrasive residue, as well as to the
profile generated. The magnitude c¢f effects of such contamination has
not been established.

Analysis of Cozting Systems, Profile Heights, and Their Interaction.
Tables 9 and 10 show the levels of significance of coating systems,
profile heights, and their interaction for scribed and unscribed areas,
respectively, at various times during the 54-month rating period.
Again, it can be seen that rating variations and thus significance are
much greater for the coating system than the other two variables. The
differences in level of significance of coating systems in these tables
and in Tables 7 and 8 arise because only specimens prepared with four
abrasives corresponding to the four profile heights were used in this
statistical analysis, while all exposed panels were used in the
previously described analyses. The profile and interaction levels of
significance in Tables 9 and 10 parallel those for abrasive and its
interaction with coating system in Tables 6 and 7 in being much greater
with the scribed than the uascribed areas. This parallelism seems
logical since the profile heights are directly related io the abrasives.
It can be seen from Table 11 that the order of ranking in the scribed
area was usually high, low, very high, medium. The unusual order
suggests that there is at least one other factor, such as total surface
area or profile shape, that is a significant factor in addition to
profile height.

The following observations were made from general protection data
in the scribed areas concerning the interaction of coating systems and
profile heights:

1. The zinc-rich system rated highest for all profiles.

2. The alkyd, coal tar epoxy, and acrylic latex systems rated low
for 2ll profiles.

L. The epoxy, vinyl, and acrylic latex systems rated highest
for high profiles.

S

-~

4. The epoxy and zinc-ri~h systems rated second highest for
low profile.

T

The following observations were made from general protection data
in the unscribed areas concerning the interaction of coating systems and
profile heights:
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1. The epoxy and vinyl systems rated highest for all profiles,
with the vinyl system the highest overall.

2. The alkyd system rated the lowest for all profiles.
3. The coal tar epoxy system performed best with a low profile.

4. The acrylic latex system rated high on all profiles except for -
high profile on which it rated low. This is consistent with
its especially good performance on unscribed areas with Steel
Shot.

5. The zinc-rich system performed best on a high profile and worst
on & low profile.

6. A high profile gave the best results with the alkyd and
zinc-rich systems.

7. A low profile gave the best results with the coal tar epoxy,
epoxy, and acrylic latex systems.

8. A very high profile gave the best results with the vinyl system.

Analysis of Coating Systems, Abrasives, Cleaning Levels, and Their
Interactions. A statistical analysis was made using performance data
for scribed and unscribed areas of panels cleaned to the two cleaning
levels using two specific abrasives. These are summarized in Tables 12
and 13, respectively. There was no statistical significance for
cleaning level in uuscribed areas, but a slight to very high significance
in scribed areas during the 54-month rating period. The latter is
further shown in Table 14. There were no consistently significant
interactions.

The following observations were made from the general protection
data in scribed areas concerning the interaction of coating systems and
levels of cleaning:

1. The coal tar epoxy system rated best with a commercial
finish.

2. The acrylic latex, vinyl, and zinc-rich systems rated the
highest with a white metal finish.

3. The alkyd and epoxy systems did not rate significantly different
on a commercial and on a white metal finish.
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The following observations were made from the general protection
data in unscribed areas concerning the interaction of coating systems
and levels of cleaning:

1. The acrylic latex system rated the highest with a commercial
finish.




The epoxy, vinyl, and zinc-rich systems rated highest on a
white metal finish.

3. The alkyd and coal tar epoxy systems did not rate significantly
different on a commercial and on a white metal finish.

Salt Fog Chamber Performance. Statistical analyses of SSPC salt
fog data showed that: (1) for coating systems the level of significance
varied greatly with time for blistering and rusting, (2} fcr abrasives
the level of significance was 0.99 for blisterinyg, (3) for profile
height the level of significance was 0.95 for blistering, (4} for
abrasives or profile height there was no statistical significance for
rusting, and (5) for cleaning level there was no statistical significance
for blistering or rusting. The ranking of coating system performance
from best to worst was: coal tar epoxy, vinyl, epoxy, zinc-rich, alkyd,
and acrylic latex. This ranking is somewhat similar to the ranking of
the unscribed areas from Kwajalein, but the results of statistical
analysis of performance data had significant differences. This was
probably due, in part, to a different ratiang system. The poorer ranking
of the coal tar epoxy system in natural exposure tests and its reduced
adhesion after 15 months exposure in Kwajalein are due to the adverse
effects of solar radiation on coal tar epoxies. The much greater
thickness of the coal tar epoxy system, as compaced to the other
systems, helped in its salt fog performance, but it probably also
accelerated its early (15 months) loss of adhesion at Kwajalein by
reducing the overall flexibility of the system. The relatively high
moisture resistance (low moisture permeability) of epoxies and coal tar
epoxies (Ref 3 and citations therein) also aided in the performance of
these systems. The laboratory salt fog environment was especially
severe on the acrylic latex specimens; they were destroyed after
1,625 hours. The alkyd specimens were destroyed after 5,175 hours, but
the four other systems survived the 8,383 hour exposure.

PRESENT RECOMMENDATIONS

The exposure site at Kwajalein is much more severe than that
encountered at most locations, and the exposure test had, of necessity,
many limitations. Nevertheless, it seems appropriatc to make some
rec dations based upon the data received and from other existing
published information, such as Reference 4, until additional information
is received from the other exposure sites. These are summarized below:
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Blast Cleaning Level Abrasives for Blast Cleaning

Coating a
System Minimum Optimum Rec ded Not Rec ded
Alkyd commercial near white none special Steelgrit G-40
Acrylic commercial white Steel Shot Black Beauty 400, *
Latex Steelgrit G-40
Vinyl commercial near white Steelgrit G-14, Steelgrit G-40 -
Polygrit 80,
Black Beauty 4016
Epoxy commercial near white Black Beauty 4016 Steelgrit G-40,
Steel Shot
Coal Tar commercial near white Polygrit 80, Steelgrit G-40
Polygrit 40
Inorganic near white white Black Beauty 400, Polygrit 80
Zinc Black Beauty 4016

3 . < 5
To approach best possible performance or for marine atmospheric or other
severe service.

GENERAL CONCLUSIONS

1. Within the test levels used, abrasive and profile height are much
more important factors in determining the extent of coating adhesion and
protection than is steel surface cleanliness. As expected, the generic
type of coating system was the most important factor of all. Inter-
actions occur between these factors to a significant extent to determine
actual performance.

2. Bonding strengths of coatings to steel (with some notable exceptions)
tend to decrease upon prolonged exterior exposure.

3. High levels of adhesion and moisture resistance (low levels of water -
permeability) aid in perforsance of coatings on steel. Greater coating

thickness adds to total water resistance, but it adversely affects

flexibility, particularly if solar radiation causes rapid weathering, so -
that it reduces adhesion and thus performance.

<3

4. Laboratory salt fog exposure is more severe on some generic coating )
systems {e.g., acrylic latex) than others when compared to the effects
of natural exposure.

vy
a4

74
>
2.2

-,

2
.
Ld

i
ey
Coits
g

(3
it
» ""..’:;".

10

7
Loory




7wV PR YalaluCelr o, d L A3 et A AT e T e late R e s B s Emm R e e

ACKNOWLEDGMENT

The statistical analyses were performed by Mr. I.W. Anders of NCEL.

REFERENCES

1. Naval Civil Engineering Laboratory. Techdata Sheet 82-08: Paint
failures - Causes and remedies. Port Hueneme, Calif., Jun 1982.

2. L.K. Schwab and R.W. Drisko. "Relation of steel surface profile and
cleanliness to bonding of coatings,” Materials Pesrformance, vol 20,
no. 5, May 1981, pp 32-35.

3. E.S. Matsui. "New rad oisotope tracer techanique for measuring water
permeability of coating films," Journal of Paint Technology, vol 41,
no. 535, Aug 1969, pp 455-460.

4. J.D. Keane. '"Painting structural steel,” American Institute of
Steel Construction Engineering Journal, Jan 1971, pp 6-14.

L g
“
/)

RXIINs R

,
fi

2

v,

11




Table 1. Thickness of Test Coatings

Coating Average Total Dry Film Thickness (mils)
Primer Primer Intermediate Finish Coat
Alkyd 1.6 4.0 5.4
Acrylic Latex 2.2 4.5 5.2
Vinyl 2.1 4.1 5.3
Epoxy 2.2 4.7 5.8
Coal Tar Epoxy 5.7 - 11.3
Zinc-Rich 2.8 - 4.5

Table 2. Bonding Strengths of Coating Systems on Strel Abrasive
Blasted to a2 White Metal Finish After Various Exposures

Average Bonding Strength (kg/ca?) After--
Coating
System No 8,336 Hours 15 Months | 57 Months s
Exposure Salt Fog Kwajalein | Kwajalein G
Epoxy 180 37 187 68
Vinyl 109 16 105 56
Coal Tar Epoxy 95 45 61 43 | —
ﬁ:;i}
Alkyd 92 a 90 4 \\:'t._@,
B o
Acrylic Latex 57 a 91 86 AT
LT, o\
Zinc-Rich 22 27 27 36 - ’“3
SRS
Average 93 31b 94 56 ".‘3-,:-;
2 A
Ty
3

aCoating completely destroyed.
For panels not destroyed.
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Table 3. Bonding Strengths of Coating Systems on Steel Abrasive
Blasted to a White Metal Finish for Each Abrasive as
Measured After Different Exposure Times

- Average Bonding Strength (kg/cw?) After--
Abrasive No 8,336 Hours | 15 Months | 57 Months
Exposure Sait Fog Kwajalein | Kwajalein
Black Beauty 4016 108 27 97 56 ;1;2:1'}
=k
Flint Shot 99 38 g5 54 I A
gt
Steelgrit G-40 99 16 101 49 iy
YA
Steel Shot $280 92 16 104 58 F_.:l-._
¥y
Black Beauty 400 91 22 97 54 L
Polyzrit 80 87 60 86 58 .t;:
oy
2
Polygrit 40 86 60 80 58 A
Steelgrit G-14 82 11 87 56
Average 93 3 93 55
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Table 4.

Levels of Significance for Coating System,
Abrasive, and Their Interaction on Scribed

Areas Over

the Test Period

Level of Signifxcancea
Months of
Exposure ! Coating System | Abrasive | Interaction
6 b 0.50 0.50
12 0.999 0.99 0.999
18 0.9%9 0.99 0.90
24 0.999 0.999 0.95
30 0.999 0.999 0.90
36 0.995 0.95 0.70
42 0.999 0.95 0.90
48 0.999 0.95 0.99
54 0.999 0.99 0.99
2 0.70 = very slightly significant
0.90 = slightly significant
0.95 = significant
0.99 = highly significant

b0.999

very highly significant
Less than 0.50.
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Table 5. Levels of Significance for Coating System,
Abrasive, and Their Interaction on Unscribed
Areas Over the Test Period

Level of Significancea
* Months of
Exposure | Coating System | Abrasive | Interaction
6 0.95 0.59 b
12 0.999 b 0.50
18 0.95 0.50 b
24 0.99 0.70 0.70
30 0.99 0.70 0.50
36 0.999 0.75 0.94
42 0.999 b 0.70
48 0.999 0.70 0.90
54 0.999 b 0.70
2 0.70 = very slightly significant
0.90 = slightly significant
0.95 = significant
0.99 = highly significant
b0.999 = very highly significant

Less than 0.50.
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Table 6. Average General Protection Ratings of the Coating
Systems on Scribed Areas Over 54 Months

Months of Exposure

Coating

System 6 12 18 24 30 36 42 48 54
Zinc-Rich 8.819.1] 9.0 9.0 9.0{ 8.9| 8.7 | 8.4 8.2
Epoxy 9.01 8.9} 8.8 8.7 8.6 8.3| 8.2] 8.0] 8.0
Vinyl 9.0 |1 8.8 8.6 | 8.5 85| 7.9| 7.8 7.6| 7.5
Coal Tar 8.6 8.2 79| 7.7} 75| 6.9} 7.1 7.1 7.1

Epoxy
Alkyd 9.0 8.4 7.6| 7.1| 7.2 6.9 7.0 7.0] 7.0
Acrylic 8.9| 83| 7.9 771 75| 6.9 7.0 6.9 7.0

Latex

Table ?. Average General Protection Ratings cf the Coating
Systems on Unscribed Areas Over 54 Months

Honths of Exposure
Coating
System 6 12 18 24 30 36 42 48 54
Vinyl 9.9} 9.8 9.3 9.4 9.4] 9.3] 9.3} 9.2{ 9.1
Epoxy 9.9| 9.6 | 9.4 | 9.4 9.4] 9.2 9.1 9.1} 9.
Coal Tar 9.8 9.3} 9.0} 9.0] 9.0| 8.8| 8.8 8.7 | 8.5
Epoxy T
0]
Acrylic 9.2| 9.2| 9.2 9.0 8.9 8.7 85| 8.3 ] 8.1 i
Latex %;%E
Ry
Zinc-Rich 9.7 9.5 8.9} 8.8| 8.6 8.3 | 8.2} 7.9 | 7.8
Alkyd 9.87 9.4| 9.1 | 8.8 8.4 )| 8.3] 7.9 7.8} 7.5




Table 8. Average General Protection Ratings Related to Each
Abrasive Measured on Scribed Areas Over 54 Months

Months of Exposure

Abrasive 6 12 18 24 30 36 42 48 54

Black Beauty 4016 | 9.0 | 8.8 | 8.7 | 8.7 | 8.5] 7.8 7.9 7.8| 7.8

Black Beauty 400 85| 8.7 84| 8.0 7.9| 7.5] 7.8 7.6 | 7.6

Polygrit 40 9.0| 8.9| 8.6 8.4| 8.4| 8.0 7.8} 7.6 | 7.5
Polygrit 80 89)| 87| 86| 85] 83| 79| 78| 76|75
Flint Shot 8.9| 8.6| 8.3| 8.2 8.1 7.5 76| 7.5] 7.5
Steelgrit 614 8.7| 85| 79| 7.8} 7.9] 7.7 7.7 1.4 7.3

Steel Shot S280 8.8| 83| 7.9| 7.8| 7.6 7.3| 7.3] 7.3| 7.3

Steelgrit G40 8.8]1 85| 7.7| 7.8| 7.8 7.4| 7.3}| 7.2| 7.2
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::} Table 9. Levels of Significance for Coating System, Profile
. Height, and Their Interaction on Scribed Areas
Over 54 Months
oy Level of Significance® 2
- Months of ,{.,{é'
. Exposure Coating System | Profile Height | Interaction 'f"‘ )
N 3
6 0.999 0.70 0.99 Zad
12 0.999 0.95 0.99 2
. ~*
e 18 0.999 0.999 0.50 ; q
=" -
::: 24 0.999 0.999 0.50 i
- ALY
2 30 0.999 0.95 b EL_,*.‘
- x»‘:‘-.::
36 0.999 0.50 0.70 ﬁj
= b
- 42 0.999 0.95 9.50 E
- =R
x 48 0.999 0.95 0.90 gﬁ
54 0.999 0.95 0.95 | _ i
N 3R
= ® 0.70 = very slightly significant ol
xS 0.90 = slightly significant XS
0.95 = significant 2B
y 0.99 = highly significant £.=
A 0.999 = very highly significant M S
- bI.ess than 0.50. ﬁ‘;ﬁ'{
= &
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Table 10. Levels of Significance for Coating System, Profile
Height, and Their Iateraction on Unscribed Areas
Over the Rating Period

Levels of Significance®
Months of
: Exposure Coating System | Profile Height | Interaction
. 6 0.70 0.70 0.50
12 0.95 b 0.50
18 0.70 0.50 b
24 0.95 0.70 b
30 0.999 0.70 b
36 0.999 0.70 b
42 0.99 0.50 b
48 0.999 0.50 b
54 0.999 b 0.50
20.70 = very slightly significant
0.90 = slightly significant
0.95 = significant
0.99 = highly significant

0.999 = very highly significant
Less than 0.50.

Table 11. Average General Protection Ratings Related to Profile
Height on Scribed Areas Over 54 Months

Months of Exposure

Profile

Height 6 12 18 24 30 36 42 48 54
High 9.0| 8.8} 8.7| 8.7 85| 7.8| 7.9] 7.8 7.8
Low 8.9| 8.6 8.3 8.2 8.1 7.5 7.6 7.5]| 7.5

Very High | 8.7 | 8.5} 7.9| 7.8 7.9 7.7| 7.7]| 7.4 | 7.3

Medium 8.8 85| 7.7] 7.8} 7.8| 7.4| 7.3 | 7.2} 7.2

19




Table 12. Levels of Significance for Coating System, Abrasive,
Cleanliness, and Their Interaction on Scribed Areas

Over

[There were no interactions of any significance.]

54 Mcnths

Level of Significancea
Months of
Exposure Coating System | Abrasive | Cleanliness
6 0.50 0.70 b
12 0.999 0.50 0.99
18 0.999 0.95 0.99
24 0.999 0.95 0.999
30 0.999 0.70 0.999
36 0.99 0.50 0.90
42 0.999 0.50 0.95
48 0.999 0.70 0.90
54 0.999 0.70 0.90
20.70 = very slightly significant
0.90 = slightly significant
0.95 = significant
0.99 = highly significant
0.999 = very highly significant
Less than 0.50.

20

2,

vz
\.{YE
) SR

0
&

A
s,

%
e
»
AL

%

iy
W
e




Table 13. Levels of Significance for Coating System, Abrasive,
Cleanliness, and Their Interaction on Ynscribed
Areas Over 54 Monthks

[There were no interzctions of any significance.]

° Levels of Significancea
Months of
Exposure Coating System | Abrasive | Cleanliness
6 0.70 b b
12 0.90 0.70 b
18 0.70 b 0.50
24 0.70 b b
30 0.70 0.90 0.70
36 0.99 b 0.50
42 0.999 b b
48 0.999 0.50 0.50
54 0.999 b b
2 0.70 = very slightly significant
0.90 = slightly significant
0.95 = sigaificant
0.99 = highly significant
0.999 = very highly significant

Less than 0.50.

Table 14. Average General Protection Ratings Related to Level of
Cleaning Measured On Scribed Areas Over 54 Months

- Months of Exposure .
Cleaning
Level 6 12 18 24 30 36 42 48 54

SSPs-sP 5| 9.0| 8.9 | 8.6 | 8.5 | 85) 7.9 7.8} 7.7} 7.7

o
O

2%

SSPC-SP 6 ( 9.0 | 8.6 | 8.3 | 80| 7.9| 7.5} 7.5 7.5| 7.5

1,

)
by

(oY
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NAVAIRTESTCEN PWO, Patuxemt Ruver, MD

NAVAUDSVCHQ Director. Falis Church VA
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NAVAVIONICCEN Deputy Dir. PWD (Code D701). Indianapolss. IN PWO. Indianapols, IN

NAVCAMS PWO. Norfolh VA SCE (Code \-7) Naples. Itah, SCE. Guam Manana klands, SCE. Wahiawa
HI. SCE Wahiawa, HE, Sccunty Offr. Wahiawa HI

NAVCHAPGRU Engineenng Officer Code 60 Wilhamdburg, VAL Operations Officer, Code 30 Williamsburg,
VA

NAVCOASTSYSCEN CO. Panama Gits. FL. Code 2250 ¢J Quurk) Panama Gity. Fi.. Code 423, Panama Cin
FL. Code 630 Panama Cin FL. Code 715 (J Mutleman) Panama Ciny. FL. Code 772 (C B Koesy)
Panama City, FL. PWO. Panams City. FL. Tech Librany. Panama City, FL

NAVCOMMSTA Code 401, Nea Mahn Greece, Dir. Mant Control PWD. Diego Garaia, PWD. Mant
Control Dir. Thurso UK, PWO  Exmouth Australia

NAVCONSTRACEN Code 00U15. Port Hueneme CA- Code B-1. Port Hueneme, CA. CumnculumTnste Stds
Offr. Gulfport MS

NAVEDTRAPRODENCEN Tech Librany, Pemsacola FL

NAVENVIRHLTHCEN Code 632 Norfolh VA

NAVECDTECHCEN Tech Librans. Indtan Head \MD

NAVFAC Mamt & Stores Offr. Bermuda, PWO, Centerville Beh, Ferndale CA

NAVFACENGCOM Code 03, Alexandna. VA, Code 03T (Essogloa). Alexandna VA, Code O4AL.
Alexandna VA, Code 04B3. Alexandna VA, Code (M. Alexandna, VA: Code O4MIA, Alexandna, VA
Code MTIB (Rloom), Alexandna VA: Code (XT3, Alexandna. VA, Code 4TS, Alexandna. VA: Code
OSEA. Akexandna. VA Code 99MI24 (Tech Lib). Alexandrna, VA, Code 100, Alevandna, VA, Code 1002B.
Alexandna. VA, Code 1113, Alexaadna. VA; Code 113C, Alevandna, VA

NAVFACENGCOM - CHES DIV. Code 101 Wash, DC. Code 403 Washington DC, Code 405, Washington,
DC. Code H06C. Washington. DC. Code 407 (D Scheesele) Washington, DC. Code FPO-1C Washington
DC. FPO-1 Washington. DC. lLabrary. Washigton D C

NAVFACENGCOM - LANT DIV Br Ofc. Dir Naples. Italy. Code 1112, Norfolk. VA; Code 403. Nosfolk,
'A: Code 405, Norfolk. VA, Librany. Norfolk VA

NAVFACENGCOM - NORTH DIV CO. Philadeiphia. PA: Code O4. Philadelphia, PA; Code O4AL.
Philadelphia PA. Code 09P. Philadelphia. PA: Code 11. Philadeiphua, PA: Code 111, Philadelphia, PA:
Code 403, Philadelphia, PA- ROICC. Contracts. Crane IN

NAVFACENGCOM - PAC DIV (K Code 101, Peart Harbor, HI. Code (9P. Pearl Harbor, HI: Code 2011
Pear] Harbor. HI. Code 302, RDT&E. Pearl Harbor, Hi, Librany, Pearl Harbor. HI

NAVFACENGCOM - SOUTH DIV Code 1112. Charkston, SC: Code 405 Charleston. SC. Code 406
Charle<ton, SC. Geotech Section (Code 3022). Charl SC. Library, Charl sC

NAVFACENGCOM - WEST DIV. 09P20. San Bruno. CA, Code (4B. San Bruno. CA; Code 102, San Bruno,
CA: Dir. PWD (Code 018). San Bruno, CA. Librany. San Bruno. CA. RDTAE LnO. San Bruno. CA

NAVFACENGCOM CONTRACTS AROICC. Quanto. VA: Code 460, Portstaouth, VA: DOICC,
Garaa: DROICC. Lemoore, CA. DROICC. Santa Ana. CA. NAS. Jacksonvitle, FL; OICC, Guam; OICC,
Rota Spain. OICC-ROICC, NAS Ocrana, Virginia Beach. VA: OICC/ROICC. Norfolk, VZ.; ROICC (Code
195). Porsmouth. VA: ROICC. Code 61. Sitverdale. WA: ROICC, Corpus Christi, TX: ROICC, Keflank,
Ieetand ROICC. Key West. FL. ROICC. Point Mugu. CA, ROICC, Rota. Spain: ROICC. Twentynine
Plams. CA. ROICC'AROICC. Brooklyn. NY: ROICC/AROICC. Colts Neck, NI, ROICC/OICC, SPA.
Norfolk. VA. SW Pac. Dir. Engr Div, Mania. RP, SW Pac. OICC. Manila, RP, Trident, OICC, St Manys.
GA .

NAVHOSP CE. Newport  Rl. CO. Millingtos. TN, Diz, Engrg Div, Camp Lejzune. NC, PWO, Gaam, Manana
Islands. PWO. Okinawa. Japan: SCE. Camp Pendl CA: SCE. & fa FL. SCE. Yokosuka. Japan

NAVMAG Engr Dir. PWD, Guam. Manana [slards. SCE. Guam, Mariana islands: SCE. Subic Bay RP

NAVMEDCOM MIDLANT REG. PWO. Norfolk. VA: NWREG. Head. Fac Mgmt Dept, Oakland, CA;
SEREG. Head. Fzc Mgmt Dept. Jacksonille, FL: SWREG. Head. Fac Mgmt Dept, San Dicgo, CA;
SWREG. OICC. San Diego. CA

NAVMEDRSHINSTITUTE Code 47. Bethesda, MD

NAVOCEANO Code 3432 (J DcPalma), Bay St. Louis MS, Code 6200 (M Paige). Bay St Louis, MS; Library
Bay St Louss, MS

NAVOCEANSYSCEN Code 6700. San Diego, CA: Code 90 (Talkington), San Dicgo, CA; Code 963 (Tech
Librany), San Dicgo, CA: Code 9642B (Bayude Librany). San Diego. CA

NAVORDMISTESTSTA Dir. Engrg. PWD. White Sands, NM

NAVORDSTA PWO. Louiswilie KY

NAVPETOFF Code 30. Akexandna. VA: Code SD107. Alexandria, VA

NAVPETRES Diicctor. Washington DC

NAVPGSCOL Code 68 (C.S Wu). Monierey. CA

NAVPHIBASE Rarbor Clearance Unit Two. Norfolk, VA: PWO Norfolk. VA: SCE. San Diego, CA

NAVRADRECFAC PWO, Kamui Seya Japan

NAVRESREDCOM Commander (Code 072), Sar Francisco. CA

NAVSCOLCECOFF CO. Codc CHA Port Hueneme. CA

NAVSCSCOL PWO, Athens GA

NAVSEACENPAC Code 32, Sec Mgr, San Dicgo. CA
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“AVSEASYSCOM Code OSE1. Washington, DC. Code 03G13. Washington DC. Code 05R12, Prog Mgr
Washington DC. Code G683 Wachington DC. Code C132 Washington DC. SEAOSEL. Wachinzton. D C

NAVSECGRUACT CO  Galeta Island Panama Canal PWO (Code 3035), Winter Hatbor ME, PWO (Code
10) Edzell. Scotland, PWO  Adak AF. PWO Sabana Seca PR

NAVSECGRUCOM Code G13. Washgion. DC

NAVSECSTA PWD - Engr Dn. Wash . DC

NAVSHIPREPFAC Libran. Guam. SCE. Subic Bay. RP. SCE Yohosuka Japan

NAVSHIPYD CO. Philadelphia PA. Carr Inlet Acoustic Range Bremerton, WA, Code 134 {'carl Harbor.
Hl Code 2024 Long Beach CA. Code 2025 (Libran). Bremerton WA, Code 380 Pontsmouth VA,
Code 382 3, Pcarl Harbor, Hl Code 410, Mare Is . Valicjo CA. Code 440 Bremerton, WA: Code 10,
Bremerton WA, Code 440 Norfolh. VA; Code 4. Portsmouth  NH. Code 104 Bremerton. WA, Code
457 (Maint Supr) Vallejo CA. Code %03, Long Beach. CA Dir. Mamnt Contend PWD Long Beach, CA.
Dir PWD (Code 420) Portemouth VA. Librany. Portamoath. NH. PveD (Code 450-HD). Portsmouth. VA,
PWD (Codec 457-HD) Shop (7. Portsmouth VA, PWO. Bremerton, WA, PWO. Mare Island Vallejo, CA.
SCE Pcarl Harbor Hl

NAVSTA A Sughara. Pearl Harbor. HI. CO Froollyn, NY. CO. Long Beach. CA- CO. Rooscielt Roads.
PR Code 18 Midway Istand Diur Mech Engr 37WC93 Norfolh, VA Dur, Engr Din. PWD (Code 18200).
Maypont FL Dir. Engr Dn. PWD. Guantanamo Bay. Cuba, Engrg Dir. Rota, Span: Mant Control Dav.
Guantanamo Bay, Cuba, PO, Guantanamo Bay. Cuba, PAO Maypont. FL. SCE. Guam Mananas
Isdands. SCE Pearl Harbor HI, SCE San Dicgo CA. SCE Subic Bav. RP. Unl Engrg Offr. Rota, Span

NAVSUBASE SCE. Pear) Harbor HI

NAVSUPPACT PWD. Holy Loch UK: PWO. Naplcs. Italy

NAVSUPPFAC Dir. Maint Control D, PWD, Thurmont. MD

NAVSUPPO Sccunty Offr. La Maddalena, Htaly

NAVSURFWPNCEN Code E211 (C Rouse). Dahlgren VA, G-52 (Duncan) Dahlgren VA, PWO. Dahigren,
VA

NAVTECHTRACEN SCE. Pensacola FL

NAVWARCOL Fac Coord (Code 24). Newport RI

NAVWPACEN Code 2634 Chma Lake CA. Code 2636, Chmna Lake. CA. DROICC {Code 702). Chma Lake.
CA., PWO (Code 266) China Lake CA

NAVWPNSFAC Wpns Offr. St Mawgan, England

NAVWPNSTA Code 092, Colis Neck, NI, Code 092. Concord CA: Dir. Mant Control. PWD, Concord, CA,
Dir, Mant Control. Yorhtown, VA: Engrg Div. PWD. Yotkiown. VA: K T. Clebak, Colts Neck, NJ: PWO,
Charleston. SC. PWO. Code (9B, Colts Neck, NJ: PWO, Seal Beach, CA

NAVWPNSTA PWO. Yorktown, VA

NAVWPNSTA Supc Gen Engr. PWD. Seal Beach, CA

NAVWPNSUPPCEN Code 09 Crane IN

NETC Code 42. Newport. Rl PWO, Newport. RI

COV:EODGRU OIC. Norfolk VA

NCR 20. CO. Gulfport. MS. 20. Code R70

NMCB 3. SWC D Wellington, 74. CO. FIVE, Operations Dept: Forty. CO. THREE. Operations Gif.

NOAA Library. Rockville, MD

NORDA Occan Rsch Off (Code 440), Bay St Lowss, MS

NRL Code S800 Washington, DC: Code 6120 (R. Brady Jr). Washington, DC: Code 8441 (R.A Skop).
Washington, DC

USCG Code 2511 (Civl Engrg). Washington, DC

NSC Cheatham Annex. PWO, Wilthamsburg, VA, Code 54 1. Norfolk, VA: Code 700 Norfolk, VA; Fac &
Equip Dinv (Code 43) QOakland. CA. SCE. Charleston. SC. SCE. Norfolk. VA: Secusity Offr (Code #4),
Oakland. CA

NSD SCE. Subic Bay. RP

CBU 301, OICC. Great Lakes. IL

NUSC DET Code 3322 (Brown), New London, CT: Code 3322 (Varley) New london. CT; Code EAL23 (R.S.
Munn), New London, CT: Code TA31 (G. De la Cruz). New London CT

OCNR Code 126, Arhington, VA

OFFICE SECRETARY OF DEFENSE OASD (MRAKL) Dir. of Encrgy, Pentagon, Washington, DC

CNR DET. Dir, Boston, MA

OCNR Code 421 (Code E A Siva). Arington, VA; Code 700F, Arington, VA

PACMISRANFAC PWO, Kauai, HI

PHIBCB 1. CO San Dicgo. CA: 1. ELCAS Offer, San Dicgo. Ca; 1. PAE. San Dicgo, CA; 2, Co, Norfolk, VA

PMTC Code 5054-S, Point Mugu. CA

PWC ACE Office. Norfolk, VA; Code 10, Great Lakes. IL: Code 10. Qakland. CA: Code 100, Guam, Mariana
Idands, Code 101 (Librany). Oakland, CA, Code 102. Maint Plan & Inspec. Cukland, CA; Code 110,
Oakland, CA: Code 123-C. San Dicgo. CA; Code 200, Guam, Mariana islands; Code 30V, Norfolk, VA;
Code 400, Pearl Harbor, Hi: Code 00, S2n Diego, CA: Code 420, Great Lakes, IL; Code 420, Oakland,
CA: Cols 422, San Dicgo. CA: Code 423, San Dicgo. CA: Code 424, Norfolk, VA; Code 425 (L.N. Kaya.
P.E ). Pearl Harbor, HE: Code 438 (Aresto). San Diego. CA: Code 500, Norfolk, VA: Code 500, Oakland,
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CA. Code 505A. Oalland CA, Code 590. San Dicgo. CA, Code 610. San Dicgo Ca. Code 614, San Dicgo.
CA. Code 700, San Diego. CA Dir Mant Dept (Code 500) Great Lakes. 1L. Dir. Maint Control. Oakland,
CA., Dir, Senv Dept (Code 300). Great Lakes 1L, Dir, Transp Dept (Code 700). Great Lakes, IL. Dir. Ul
Dept (Coce €09), Great Lakes L. Fac Plan Dept (Code 1011). Pearl Harbor. HI. Library (Code 134).
Pearl }arbor. HE, Librann  Guam. Manana Islands. Library Notfolk VA, Labran, Pensacola, FL. Librasy.
Yohosuha JA, Prod Offr Norfolk. VA, Tech Library. Subic Bay. RP. Ut Offr, Guam Manana Island
SEAL TEAM 6. Norfolk, VA
SPCC PWO (Code 08A). Mechamcshurg, PA
SUPSHIP Tech Librany. Newport News VA
HAYNES & ASSOC H Hawnes. P, Oalland, CA -
UCT ONE OIC, Norfolk. VA
UCT TWO OIC. Port Hueneme CA
US MERCHANT MARINE ACADEMY Repnnt Custodian, Kings Pomnt, NY
US DEPT OF INTERIOR Nat1 Park Sen (RMRPC) Demer. CO -
US GEOLOGICAL SURVEY Off Marine Geology. Pitelehs. Reston VA
USAF SCHOOL OF AEROSPACE MEDICINE Hypetbane Medizne Div. Brooks AFB, TX
USCG G-EOE-26] (Espinshade). Washmgton DC. G-EUE-4 (T Dowd) Waslington, DC, Gulf Stnke Team.
Bay St Lowss, MS, LANT Stnke Team, Elizabeth City. NC. Librany Hqus Washington. DC, Pac Stnke
Team, Hamilton AFB, CA
USCG R&D CENTER D Motherway. Groton CT: S Rosenberg Groton, CT
USCINC PAC. Code 343, Camp HM Smuth, Hi
USDA Ext Service (T Maher) Washington, DC. Forest Prod Lab (DeGroot) Madison. WI. Forest Prod Lab,
Libr. Madsson. W1, Forest Sen. Engr Tech Info Coord (Bowers). Atlanta, GA
USNA Mech Engr Dept (Hasson), Annapolis. MD. Mgr. Engre. Civil Spees Br. Annapolis. MD, PWO,
Annapols. MD
USS FULTON WPNS Rep Offr (W-3) New York. NY
WATER & POWER RESOURCES SERVICE (Smoak) Demver. CO
ADVANCED TECHNOLOGY F. Moss. Op Cen Camanlio. CA
AMERICAN CONCRETE INSTITUTE Detront MI (Librany)
BERKELEY PW Engr Dn. Hamson. Berkeley. CA
CALIF. DEPT OF NAVIGATION & OCEAN DEV Sxramento, CA (G. Armstrong)
CALIF. MARITIME ACADEMY Library. Vallejo. CA
CITY OF AUSTIN Resource Mgmt Dept (G Amold).Austn, TX
CITY OF LIVERMORE Project Tngr (Dackins) Livermore, Ca
CLARKSON COLL OF TECH G. Batson, Potsdam NY
COLORADO SCHOOL OF MINES Dept of Engig {§ S Chung, PhD) Golden, CO
CORNELL UNIVERSITY Cnmil & Environ Ergrg (F. Lulhway). Ithacs, NY. Library, Ser Dept, Ithaca. NY
DAMES & MOORE LIBRARY Los Angeles CA
DUKE UNIV MEDICAL CENTER B Muga. Durham NC
UNIVERSITY OF DELAWARE (Dr § Dexter) Lewes. DE
FLORIDA ATLANTIC UNIVERSITY Boca Raton FL (W Haru), Boca Raton. FL (McAllister)
FLORIDA TECHNOLOGICAL UNIVERSITY Dr. E. Kalajan. Melbourne, FL
HARVARD UNIVERSITY Arch Dept (M Kim) Cambridge. MA
INSTITUTE OF MARINE SCIENCES Morehead City NC (Director)
WOODS HOLE OCEANOGRAPHIC INST. Proy Engr, Woods Hole. MA
LEHIGH UNIVERSITY linderman §ine ser Cataloguer. Bethichem. PA; Manne Geotech Lab (A. Richards),
Bethichem. PA
MAINE MARITIME ACADEMY CASTINE. ME (LIBRARY)
MICHIGAN TECHNOLOGICAL UNIVERSITY Houghton. Ml (Haas)
MIT Engrg Lib. Cambndge, MA: Library, Cambndge, MA
NATURAL ENERGY LAB Library, Honolulu, HI -
NEW MEXICO SOLAR ENERGY INST. Dr Zwibel Las Cruces NM
NY CITY COMMUNITY COLLEGE Library. Brooklyn. NY
NYS ENERGY OFFICE Library. Albany NY
OREGON STATE UNIVERSITY (CE Dept Grace) Corvalls, OR: CORVALLIS. OR (CE DEPT, HICKS),
Corvalis OR (School of Oceanography)
PENNSYLVANIA STATE UNIVERSITY STATE COLLEGE. PA (SNYDER)
PORT SAN DIEGO Proj Engr. Port Fac. San Dicgo. CA
PURDUE UNIVERSITY Lafayette IN (Leonards), Lafayette, IN (Altschacffl). Lafayette, IN (CE Engr. Lib)
SAN DIEGO STATE UNIV 1 Noorany. Szn Drgo. CA
SCRIPPS INSTITUTE OF OCEANOGRAPHY Dcep Sca Drill Proj (Adams), La Jolla, CA; San Diego, CA
(Marina Phy. Lab. Spicss)
SEATTLE U Prof Schwacgler Scattle WA
SOUTHWEST RSCH INST J Hokanson, San Antomo. TX: R. DeHart, San Antonio TX; San Antonio, TX
STATE UNIV OF NEW YORK Buffalo, NY
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TEXAS A&M UNIVERSITY College Stanon TX (CE Dept Herbich). 3 M Niedmwechs. College Station. TX
W B Ledbenter College Station, TX

UNIVERSITY OF ALASKA Manne Saence Inst College. AK

UMIVERSITY OF CALIFORN!IA CE Dept (Taylor) Davis. CA. Prof B C Genwich. Berkeles. CA Prof E A
Pearson, Berkeley, CA

UNIVERSITY OF DELAWARE Cnl Engrg Dept (Chesson) Neward, DE

UNMVERSITY OF FLORIDA Flonda Sea Grant {C Jones). Ganesniic. FL

UNIVERSITY OF HAWAII Librany (Sa & Tech Dn). Henolulu, Hi

UNIVERSITY OF ILLINOIS CE Dept (W Gambic) Urbana. [L. Cinil Engrg Dept (Hall). Urbana IL:
Library, Urhana. IL, M T Dawisson, Urbana IL. Metz Ref Rm, Urbana IL

UNIVERSITY OF MASSACHUSETTS (H ME Dept. Amherst. MA

UNIVERSITY OF MICHIGAN Ann .\rbor M (Richart)

UNIVERSITY OF NEBRASKA-LINCOLN Lincoln. NE (Ross Ice Shelf Proj)

UNIVERSITY OF PENNSYLVANA Schl of Engrg & Applicd Sax (Rolf) Philadelphia. PA

UNIVERSITY OF TEXAS Inst Manne Sa (Labrany). Port Arkansas *X

UNIVERSITY OF TEXAS AT AUSTIN (Prof J N Thompses) Dept Civd Engre. Dy JE Breep (EC) 48)

UNIVERSITY OF WASHINGTON Dept of Civil Engr (Dr Mattock). Seattle WA, Librany. Scattle. WA

UNIVERSITY OF WISCONSIN Great Lakes Studies. Ctr, Milwaunce. W1

VENTURA COUNTY Deputy PW Dur. Ventura, CA, PWA (Brownic) Venura, CA

WESTERN ARCHEOLOGICAL CENTER Library. Tucson AZ

ALFRED A YEE & ASSOC. Libranan, Honolula, HI

AMETEK Offshore Res. & Engr Dn

o~
LA

APPLIED SYSTEMS R. Smuh. Agana, Guam o4
ARVID GRANT Olymgaa. WA g}
;

A

ATLANTIC RICHFIELD CO. RE Smith. Dallas, TX
AUSTRALIA Embassy of (Transport) gton, DC
BATTELLE-COLUMBUS LABS (D Frirk) Columbus, OH

i

BETHLEHEM STEEL CO Engrg Dept (Dismuke). Bethichem, PA T
BROWN & ROOT Houston TX (D Ward) o
CHEMED CORP Lake Zunch IL (Dearborn Chem Dn Lib) e
COLUMBIA GULF TRANSMISSION CO. Engrg Lib. Houston, TX RS
CONSTRUCTION TECH LAB A E Fiorato, Skokse, IL B

CONTINENTAL OIL CO O Maxson, Porca Citny. OK
CROWLEY MARITIME SALVAGE INC (B Frost). Willaimsburg, VA
DILLINGHAM PRECAST F McHale, Honolulu HI
DRAVO CORP Putsburgh PA (Wright)
DURLACH. ONEAL. JENKINS & ASSOC Columbia SC
EASTPORT INTERNATIONAL INC. (J H Osbomn) Mgr. West Din, Vertura, CA
ENERCOMP H Amistadi, Brunswick, ME
EVALUATION ASSOC. INC MA Fekle, King of Prussa, PA
EXXON PRODUCTION RESEARCH CO Houston. TX (Chao)
FURGO INC Library. Houston. TX
GENERAL DYNAMICS Emiron Engrg, Elcc Boat Dn (Wallman), Groton, CT
GEOTECHNICAL ENGINEERS INC (R F. Murdock) Prinapal. Winch MA
GLIDDEN CO. STRONGSVILLE. CH (RSCH LIB)
GOODYEAR AEROSPACE CORP D490.C2 (F J Sumler). Akron. OH
GOULD INC Tech Lib. Ches Instru Div Glen Burme MD
HALEY & ALDRICH, INC HP Aldnch, Jr, Cambndge. MA
NUSC DET Library, Newport. RI
KATSURA. Y. Consult Engr, Ventura, CA
KTA-TATOR. INC Pussburg, PA
LIN OFFSHORE ENGRG P. Chow, San Francisco CA
LINDA HALL LIBRARY Doc Dept, Kansas City, MO
MC.D F. Marek. Orangevale, CA
MARATHON OlL CO Houston TX
- MARINE CONCRETE STRUCTURES INC. W A. Ingraham, Metairic, LA
MCDONNELL AIRCRAFT CO. Sr Engr, Logistics, St Louis, MO
MOBIL R & D CORP Offshore Eng Library, Dallas, TX
MOFFATT & NICHOL ENGINEERS (R Palmer) Long Beach. CA
MUESER. RUTLEDGE. WENTWORTH AND JOHNSTON EA Rxchards, New York, NY
NEW 7FALAND New Zealand Concrete Research Assoc. (Librarian). Ponrua
PACIFIC MARINE TECHNOLOGY (M. Wagner) Duvall, WA
PHELPS ASSOC P.A. Phelps, Rheem Valiey. CA
PITTSBURG TESTING LAB M. Kocak. Pittsbusy. PA
PORTLAND CEMENT ASSOC. SKOKIE. IL (CORI EY: SKOKIE, IL (KLIEGER); Skokic IL (Rsch & Dev
Lab. Lib)
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RAYMOND INTERNATIONVAL INC E Colle Soil Tech Dept. Pennsauhen N | Wekh Soiliech Dept
Pennsauken NJ

SEATECH CORP MIAMI FL {PEROND)

SHELL DEVELOPMENT €O Houston TN (C Sellars Jr)

SHELL OIL CO E & P CL. Houston TN

SIMPSON GUMPERTZ & HEGER INC Conwlurg Engrs {E Hill). Athagton MA

STEEL STRCTRS PAINT COUNCIL Prisburg. PA

TEXTRON INC BLFFALO MY (RESEARCH CENTER LIB)

TIDEWATER CONSTR CO J Fowler Virgima Beach. VA

TILGHMAN STREET GAS PLANT (Sreas). Chester, PA

WESTINGHOUSE ELECTRIC CORF Arnapolis MD (Occanc Dn Lib, Bryan), Lsbrany. Putsburgh PA

WILSON & CO ENGR & ARCHITECTS (D Youtsey) R A Kansas Ciy. KS

WISS. JANNEY ELSTNER & ASSOC MNorthbrook. IL (D N Picifer)

WAL CLAPP LABS - BATTELLE Libran Dutbun MA

WAL WOOD & ASSOC (D Wood) Metaire, LA

WOODWARD-CLN DE CONSULTANTS (Dr R Domingocz) Houston 1N (K Cross) Walnumt Creeh CA

ANTON TEDESKO Bronwalle \Y

BRADFORD ROOFING T Risan. Bilings MT

BLLLOCK La Canada

DOBROWOLSK! J A Altadena CA

BEN C GERWICK iINC San Franaco. CA

HAYNES B Round Rock. TX

LAYTON Redmond. WA

MESSING. DWW Voorhees, N

OSBORN. JAS H Venwrn. CA

PAULI Siher Spnng. MD

PETFRSEN. CAPT NW Camanllo CA

RF BESIER CE. Old Saytrook, CT

SMITH Gulfpont. \MS

SPIELVOGEL. LARRY Wyncote PA

TW MERMEL Washington DC
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DISTRIBUTION QUESTIONNAIRE
The Naval Civil Engineering Laboratory is revising its primary distribution lists.

SUBJECT CATEGORIES

SHORE FACILINES
Constructson methods 37 Materals (inchuding corroson

control, costmgs}
P trol)

Utistees (includeng power conditicning)
Exploscves miety
P

and nery

Fuwe prevention and control

Antenna

Structural snalys s and design {mcluding numerscal ang
computer technques)

CANONEW N

-
o

sheiters,
mo:k and vibration studues)

14 Ascfields and pevements

15 ADVANCED BASE AND AMPHIBIOUS FACILITIES

16 Base facilitues (mchuding shelfters, power generation, wate” suppies)

17 Expedrent -uay.-l.uwm

18 wave forces)

3 Over na-a- oper .

meter:z! ransfer highterage ang om)

20 TS storage, transier and destrbution

24 POLAR ENGINEERING

24 Same 33 Advanced Base and Amphibwous Facilitses,
except hmaed to coldregron enveronments

TYPES OF DOCUMENTS
83 Techdata Sheets 86 Technical Repocts and Techmical Notes
83 Table of Conacnrs & Iadex to TDS

28 DJEIGVIPO“EI GENERATION

29 Thar (thermal engs f buridmgs, HVAC
Systems, energy 1063 MessUTEMEnt, POWET Peneration)

30 Controls and electracal conservaton {electr«cal systems,
energy momnitorng and contrct systems)

31 Fuel flexdbiity (Iiqusd fuess, CO3l utihization, enevgy

tfrom solud waste)
32 gy source Dower,
powar systems, solar systems, wind systems, energy Storage
systems)
33 Site deta and systems ntegration {enevgy resource dats, energy
data, 9y systems)

34 ENVIRONMFNTAL PROTECTION
35 Soixt waste managerment
%

37 Wastewater management and S3Mstary engmneerning
38 Oul pollution remavat and recovery
39 Asx pollution
40 Novse abatement
44 OCEAN ENGINEERING
45 Seatioor souis and foundations
46 Seatioor systems and
dever and manpulator tools)
47 Underses structures and materials
48 Anchors and moormgs
49 Underses power Systems, electromechanscat cables,

and connectors
50 Pressure vessel laalmn

$2 NCEL Guide & Updstes O Nene—
remeve my name




